The transcription factor Rv0081 of M. tuberculosis controls the hypoxic gene expression 24 and acts as a regulatory hub in the latent phase of tuberculosis infection. We report here the 25 crystal structure of Rv0081 at 3.3 Å resolution revealing that it belongs to the well-known 26 ArsR/SmtB family proteins. ArsR/SmtB family transcriptional repressors exert gene 27 regulation by reversible metal binding. Hypoxia in general is sensed by bacterial 28 transcriptional regulators via metals or Cys-mediated thiol switches. Oxygen sensing 29 typically leads to transcriptional repressor changing its conformational state with altered 30
In each of the chains, a number of residues at the N-and C-termini were not 182 visible in the electron density, and hence were excluded from the final model. 183
Moreover, the region of the structure that is likely to be involved in DNA-binding is metal defined by 'α3 motif (e.g. ArsR), 'α5 motif (e.g. CzrA, NmtR, and CmtR) and 202 'α3 and α5 together (e.g. SmtB, CadC and ZiaR). We compared the structural regions 203 of Rv0081 with the corresponding region of metal bound CzrA-Zn2 (PDB: 1R1V) with 204 overall rmsd of 1.5 Å and SmtB-Zn2 (PDB: 1R22) with overall rmsd of 1.8Å. 205 Surprisingly, we found that the residues presumably involved in binding metals are 206 mutated in Rv0081 ( Figure 2A ). For example, in α5 family, in the structure, Zn2, the residues involved are Asp 84, His 86, His 97 and His 100 whereas in α3-α5 208 family structure, SmtB-Zn2, the residues are Asp 104, His 106, His 117 and Glu 120. 209
The superposed residues in Rv0081 are Ala 79, Asp 81, Val 92 and Arg 95 210 respectively, with both α5 and α3-α5 family. The superposition of Rv0081 with α3 211 family proteins was not performed owing to unavailability of the crystal structure. 212
Multiple sequence alignment of Rv0081 with ArsR (α3), CzrA (α5) and SmtB (α3-α5) 213 proteins also showed that Rv0081 did not have metal binding residues ( Figure 2B ). 214
Further, we examined the Rv0081 structure for potential metal binding sites in the 215
Rv0081. It therefore appears that the activity of Rv0081 binding to DNA might not be 217 regulated by metals. 218
By comparing the Rv0081 structure with other ArsR/SmtB transcription 219 factors, we could delineate the regions likely to play important roles in DNA 220 recognition ( Figure 3A) . From the structural superposition of NolR-DNA complex ofinteract with the DNA-those which are involved in contacting the bases of the DNA, 223 and those which interact with the phosphate backbone. In the NolR-DNA complex 224 structure the base recognizing residues are Gln 56, Ser 57, Ser 60 and Gln 61 (49). 225
Superposition of the two structures suggests that these residues in Rv0081 would be 226 Figure 3B , base recognizing residues 229 denoted as yellow lie at the extremity of the dimer and phosphate binding residues in 230 red color span the connecting the entire surface. Thus, residues involved in DNA 231 recognition could be predicted from comparisons with other structures that are 232 available in complex with cognate DNA. 233
In the Rv0081 structure, Lys 15, His 19 and Arg 22 form a cluster of basic 234 residues, suggesting their possibility of anion binding. Indeed, Fo-Fc maps show a 235 strong peak at 5 above mean electron density level in three of the four chains ( Figure  236 3C). We have currently modeled a water molecule as the low resolution structure does 237 not permit us to correctly identity of ligand in this strong density. However, such a 238 clustering of basic residues is reminiscent of anion binding sites such as sulfates (50, 239 51) and phosphates (52, 53), or acetate or formate (54, 55). A higher resolution of 240 Rv0081 structure will likely reveal the correct identity of anion binding at these sites. 241
DNA-binding by Rv0081 242
a. Interaction studies on Rv0081 protein with auto-regulatory elements 243 DNA-binding of Rv0081 was confirmed for a 33 bp oligonucleotide with its 244 sequence derived from upstream sequence of the Rv0081-Rv0088 operon. This region 245 encompasses the R1 and R2 regions, where the protein is believed to bind first to theidentified five bases which are likely to be contacted by the protein. These analyses 248 suggested that Rv0081 might bind to the sequence TATCT in the R1 region and 249 TCTTC in the R2 region ( Figure 4A ). We mutated these five bases in one or both of 250 the R1 and R2 regions into GGGGG and tested binding by the protein (Figure 4A ). 251
Electrophoretic mobility shift assay (EMSA) analyses with the wild-type or mutated 252 oligo's are shown in Figure 4B . As expected, the protein binds to the native sequence 253 ( Figure 4B ). This binding is sequence specific since bound biotinylated Wt-oligos 254 competed with non-biotinylated Wt-oligos but did not compete with scrambled-oligos 255 RS1, RS2 and RS3 ( Figure S3A we identified four key residues of Rv0081 for interaction with DNA bases. These 266 residues S48, S49, S52 and Q53 were selected for the mutational analysis. We 267 generated two mutants of Rv0081 proteins-one where all these four residues were 268 mutated to Ala (Rv0081-S/Q-A), and the other where Ser were mutated to Asp 269 Table 2 ), suggesting that one of the binding sites has higher 289 affinity. This is consistent with our EMSA and above SPR analysis data ( Figure 4B -290 C), confirming that R2 region has the higher affinity for Rv0081. The R2 mutated 291 oligonucleotide (M1 oligo) failed almost completely to bind ( Figure 4C ), on the other 292 hand, the R1 mutated oligonucleotide (M2 oligo) bound to Rv0081 with 100-fold 293 lower affinity (KD 1.56x10
-5 M; Figure 6B , Table 2 .). Effect of mutation on low 294 affinity R1 region also suggests the possibility of cooperative binding of both R1 andprotein is suggestive of post-translational modification of these for regulating DNA 299 binding. We therefore hypothesized that in absence of metal-binding, the DNA 300 binding activity of Rv0081 might be regulated by post-translational modifications-i.e., 301 phosphorylation of Serines, rather than by metal ions. In any case, the structure does 302 not show presence of putative metal binding site (48) . We created mutants of Rv0081, 303
where the Ser-residues are mutated to Asp. The Ser to Asp mutants were created to 304 mimic phosphorylation of Rv0081, where we could test the hypothesis that regulation 305 of DNA binding activity was mediated by post-translational modification. As 306 described above, the Ser to Ala mutants bind DNA with lower affinity (KD1= 1.96 x 307
10
-5 M, KD2= 2.17 x 10 -4 M, Figure 6C , Table 2 ), whereas we expected that the Ser to 308 novel mechanism for sensing hypoxic conditions. 364
The oxygen-sensing mechanisms in most transcriptional repressors, apart from 365 reversible metal-binding, are mediated by thiol redox switch. Crystal structures of 366 many members of this family have revealed these mechanisms in details (48) (49) (50) (51) ). Yet, 367
Rv0081 does not possess any such canonical site for sensing oxygen levels. It could be 368 hypothesized that, Rv0081 is being the first gene on the formate hydrogenlyase 369 operon, and acting as a repressor of this operon, might therefore also be activated by 370 formate ions. This hypothesis will need to be explored further. 371
Finally Complexes were incubated for 10 min at RT and detected as described above. All 457 above experiments were performed in duplicates. 458
Surface-Plasmon resonance (SPR) 459

DNA and Protein and binding analysis 460
To validate the interaction of Rv0081 proteins (Rv0081-wt or Rv0081-S/Q-A 461 or Rv0081-S-D) with ds DNA oligos (biotin-labelled Wt, M1 and M2), surface-462 plasmon resonance analyses were carried out using the Biacore 2000 system (Biacore 463 covering with a layer of mineral oil (without shaking) or (iii) treatment of culture with 497 250 μM nitric oxide (NO). The cultures were harvested by centrifugation at 2465x g for 498 5 min in 4°C both pre and post stress. Pellet was resuspended in wash buffer [50 mM 499
Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 5% glycerol and 1x protease and 500 phosphatase inhibitor mix (Roche)] and centrifuged at 4°C at 2465x g and the pellet 501 was stored at -80°C after flash-freezing in liquid-nitrogen. Each of the culture samples 502
were checked for contamination before and after stress by using Ziehl-Neelsen staining 503 (Himedia, India). The experiment in each condition was carried out in duplicate. 504
Co-Immunoprecipitation (Co-IPs) of Rv0081 with its interacting partners 505
The cell pellet of 35 ml Mtb culture grown in normal or stress conditions were 506 resuspended in 1 ml lysis buffer (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM 507 EDTA, 1% NP-40, 5% glycerol) and 1x protease and phosphatase inhibitor (Roche). Fo(hkl) where T is a test data set randomly selected from the observed reflections prior to refinement. Test data set was not used throughout refinement and 10% of the total unique reflections. 
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